















Aho [1] \S 8.5 ,
2 $n$ $n$ , $O_{A}(n\log^{2}n)$ .
. , - . , $\mathrm{R}$ .
: $g(z)\in \mathrm{R}[z]$ 2s $h_{k}\in \mathrm{R},$ $0\leq k<2^{s}$ ,
$g(h_{k})\in \mathrm{R},$ $0\leq k<2^{s}$ . $\deg g=n$ .
, , $2^{s}$ Horner
, $2^{s}n$ $\mathrm{R}$- , .
, (DFT: discrete Fourier Transform)
(DDF: Distinct Degree Factorization) . , DFT ,
Fourier . - , DDF , von zur Gathen Shoup
[7] Kaltofen Shoup [9] ( $GF(q)$ $F$ DDF)
, $k$ il $=1(\lambda_{k}\iota+i(Z)-Z)$ nlod $F(z)$ il-$=01(\lambda_{kl}(z) -\lambda_{i}(z))\mathrm{m}\mathrm{o}\mathrm{d} F(z)$
, , 2 \Pi H-$=01(Y-$
$\lambda_{i}(z))\mathrm{m}\mathrm{o}\mathrm{d} F(Z)$ $Y=\lambda_{kl}(z)$ . , ,
$k$ . , DDF
[5],




– [7, Lemnta 2.1] .
$(\mathrm{C}\mathrm{R}1)$ $\Gamma_{j_{:}k}(z)$ . $\Gamma_{0_{:}k}(z)=z-h_{k},$ $0\leq k<2^{s}$ ,
$\Gamma_{j,k(_{Z)=}}2^{j}i\prod_{=0}-1(_{Z}-hi+k2^{j})\Leftarrow\Gamma_{j-}1,2k(Z)\mathrm{r}_{j1}-\text{ }.(2k+1\mathcal{Z}),$ $0\leq k<2^{s-}j,$ $1\leq j\leq s$ .
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$(\mathrm{C}\mathrm{R}2)\Phi s,\mathrm{o}(Z)=g(z)\mathrm{m}\mathrm{o}\mathrm{d} \Gamma_{s},\mathrm{o}(Z)$ .
$(\mathrm{C}\mathrm{R}3)j=s-1,$ $S-2,$ $\ldots,$ $0$ , ,
$\Phi_{j,\kappa}(z)\Leftarrow\Phi_{j+1,k}(Z)\mathrm{m}\mathrm{o}\mathrm{d} \Gamma j_{\overline{h}},(Z),$ $.\kappa=2k,$ $2k+1,0.\leq k<2^{s-1-j}$ , (1)
, $g(h_{k})=g(z)\mathrm{m}\mathrm{o}\mathrm{d} (z-h_{k})=g(z)\mathrm{m}\mathrm{o}\mathrm{d} \Gamma_{0,k}(Z)=\Phi_{0},k(Z)$ .
\Xi$=$
, 2 $d$ $M(d)(\approx O(d\log d))$
. , $2d$ $d$ $O(M(d))$
. $(\mathrm{C}\mathrm{R}1)$ , $\deg\Gamma j,k=2^{j}$ , $\Sigma_{j=1}^{S}2^{S-}jo(M(2j-1))\leq\Sigma_{j=1}^{S}O(M(2^{S-}1))=$
$O(sM(2^{S-1}))$ $\mathrm{R}$- . , $(\mathrm{C}\mathrm{R}3)$ , $\deg\Phi_{j,\kappa}<\deg\Gamma_{j,\kappa}=2^{j}$
$(\mathrm{C}\mathrm{R}1)$ . $(\mathrm{C}\mathrm{R}2)$ $n\geq 2^{s}$ , ,
, $\Gamma_{S_{\mathrm{P}}0}$. $2^{s}$
, $O((n/2^{s})M(2^{s}))$ R- . $r$
( ) , DFT
( ) , $(M(d)=$
$O(d^{2}))$ , 2s Horner .





(i) $(=n)\leq$ $(=2^{s})$ :
$(\mathrm{C}\mathrm{R}1)$ $(\mathrm{C}\mathrm{R}3)$ , $O(sM(2s))$ R-
. $2^{s}$ 2k ( $n\leq 2^{k}<2^{s}$ ) .
$2^{s-k}O(kM(2^{k}))$ , $M(d)/d$ $d$ , $k$
. , 2s $m=2^{\lceil \mathrm{l}\rceil}\mathrm{o}\mathrm{g}_{2}n$ , $\lceil 2^{s}/m\rceil$ $(\mathrm{C}\mathrm{R}1)$
$(\mathrm{C}\mathrm{R}3)$ . , –
, $O((2^{s}/n)M(n)\log_{2}n)$ , ,
$n\geq 2^{s}$ .
(ii) $(=n)\geq$ $(=2^{s})$ :
$O((n/2^{s}+s)M(2S))$ $\mathrm{R}$- . 2s $2^{k}(k<s)$
? 2k 2k-l ,
(\S 3.1. ).
(2k ). $*+\mathit{2}^{s-k}$ ,




(b) $(\mathrm{C}\mathrm{R}2)$ $g(z)$ 2k . . . . $\mathit{2}^{s-k}O((\lceil n/2^{k}\rceil-1)M(\mathit{2}^{k}))$
(2k-l ). .. $2^{s-k+1}$ ,
$(\mathrm{b}’)(\mathrm{C}\mathrm{R}2)$ $g(z)$ 2k
. $\ldots\ldots\ldots\ldots\ldots\ldots\cdot\cdots\ldots\ldots\ldots.\mathit{2}^{s-k1}+o((\mathrm{r}n/\mathit{2}^{k-1}\rceil-\mathit{2})M(2^{k-1}))$
M( , $(\mathrm{b}’)$ (b) 2 . $n$ $2^{s}\geq 2^{k}$
, (a) (b) , $2^{k}$
, 2s .
, $k$ . , $(\mathrm{C}\mathrm{R}\mathit{2})$
, , \S 3. , (a) (b) ,







[2] . $d_{j,i}=\deg\Phi_{j},i$ $e_{j,\text{ }}=\deg qj,\text{ }$
. $d_{j,\kappa}<2^{j}=\deg\Gamma_{j},\kappa$ $e_{j.\kappa}=d_{j+k^{-}}1_{:}2^{j}<2^{j}$ . , $d_{j+1,\kappa}\geq \mathit{2}^{j}$
( , \Phi ,, $=\Phi_{j+1,k}$ ). ,
.
( ) $f$ , $f^{*}$ $f^{*}(z)=z^{\mathrm{d}f}f\mathrm{e}\mathrm{f}(\mathrm{d}\mathrm{e}\mathrm{g}z-1)$ .
$f(z)=f_{0}+f1Z+\cdot\cdot$
.
$\cdot+f_{d}z^{d}$ , $f^{*}(z)=f_{d}+f_{d1}-+\cdots+f\mathrm{o}Z^{d}$ .
(2) , $zarrow z^{-1}$ $z^{d_{j.i}}$
$(z^{d_{j+1,k}}\Phi j+1,k(Z))=(_{Z^{e_{j,\kappa}}}qj,\kappa(z))(Z^{2^{j}}\Gamma_{j},,(:.Z))+Zje,\kappa+1(Z^{2^{j}-1}\Phi_{j},(\kappa z))$
, $()$ , .
$\Phi_{j+1,k}^{*}(z)=q_{j.\kappa}^{*}(Z)\mathrm{r}*(j,\kappa Z)$ mod $z^{e_{j,\kappa}+}1$ .
j: $\Gamma_{j,\kappa}^{*}(z)$ , , $\triangle_{j_{:^{\kappa}}\kappa}\Gamma_{j:}^{*}(z)=1$ mod
$z^{2^{j}}$ , $q_{j,\kappa}(Z)$
$q_{j_{:}ri}^{*}(Z)=\Delta_{j,r_{}}\cdot$. $\Phi_{j+1,k}^{*}(z)$ mod $z^{e_{j,\kappa}+1}$ (3)
. $\triangle_{j.\text{ } }$ , Newton iteration .




$i$ $\triangle_{j_{h}},\Gamma*((i).Z)j,\kappa=1$ mod $z^{2^{i}}$ , $\triangle_{j\text{ }\kappa}.=\triangle_{j,\text{ }}(j$ . ,
$\Gamma_{j,k}^{*}(z)=\mathrm{r}_{i^{-}k}^{*}1,2(Z)\Gamma^{*}j.-1.2k.+1(Z)$ , $(\triangle_{jk}-1_{:}2\Delta j-1.2k+1)\Gamma_{j,k}^{*}.(z)=1$ mod $z^{2^{j-1}}$
,
$\Delta_{j_{:^{k}}}^{(j-1)}=\triangle_{j-1,2kj+1}\triangle-1,2k$ mod $z^{2^{j-1}}$ . (5)
, , $i=j-1$ (4) .
, [13] , $\triangle..\mathrm{r}^{*}((j_{l^{-}}:jJ\kappa i1\rangle.z)$ mod $z^{2^{i}}=1+z^{2^{i-1}}\delta_{j_{h}},\cdot$ ( , $\delta_{j,\kappa}$ $(2^{i-1}-1)$
) , (4)
$\triangle_{j_{:}\kappa}=\triangle(i\rangle$$(i-1)j_{:^{h}}\cdot-\Delta^{(}ji,-\kappa 1\rangle(z^{2}i-1\delta_{j:^{\kappa})}$ nlod $z^{2}j-1$ (6)
, , .
$(\mathrm{C}\mathrm{R}2)$ $g\mathrm{m}\mathrm{o}\mathrm{d} \Gamma_{S,0}$
von zur Gathen Shoup [7, Lemma 2.1] , , $\Delta_{j,\kappa}$
, .
, $P.(z),$ $G(z)$ ( , $e=\deg P-\deg G>0$ ), $D^{(j)}$
$G^{*}(z)$
$\mathrm{m}\mathrm{o}\mathrm{d} z^{j}$ , , $D^{(j)}G^{*}(z)\mathrm{m}\mathrm{o}\mathrm{d} Zj=1$ , $q_{j}^{*}(z)=$
$P^{*}(z)D(j)\mathrm{m}\mathrm{o}\mathrm{d} \dot{Z}j$ , $P^{*}(z)-q_{j}^{*}(Z)c.*(Z)\mathrm{m}\mathrm{o}\mathrm{d} Zj=P^{*}.(z)(1-D^{(}j)(z)G^{*}(z))$ mod
$z^{j}=0$ ,
$\deg(P-z-\deg qj^{-}\deg Gq_{j}G\deg P)\leq\deg P-j$
. , $P$ , ( ) $j$
2). $(\mathrm{C}\mathrm{R}\mathit{2})$ $g\mathrm{m}\mathrm{o}\mathrm{d} \Gamma_{S,0}$ , $g$ $(\mathit{2}^{S}-1)$ ,
, $\Delta_{S,0}^{(i)}$ ( ) $\mathit{2}^{i}$ . ,
$i$ ? $i<s$ , \S 2.
. - , $i>s$ , Newton iteration $\triangle_{j,r_{\tilde{v}}}(i)$
, ? . ,
$g$ nlod $\Gamma_{s,0}$ \triangle , $(\lceil\deg(g)/2^{i}1-1)$
, – $O(M(\mathit{2}i))>O(2^{i})$ , $i$
. , $\Delta_{s_{\text{ }}0}$. .
3.2. Speeded Chinese remaindering algorithm for multipoint evaluation
, ( )
, . 1 , (Speeded Chinese
Remaindering: SCR) . ,
. , , ,
, ,
. , ,
$\Delta_{j_{:}k}$ , $\Gamma_{j_{J}k}$. , $1\text{ }$
( $\Sigma_{j=1}^{S}2s-jO(2^{j})=O(S\mathit{2}^{S})$ R- ).
–




: $g(z)\in \mathrm{R}[z]$ 2s $h_{k}\in \mathrm{R},$ $0\leq k<2^{S}$ . , $\deg g\geq 2^{s}$ .
: $2^{s}$ $g(h_{k})\in \mathrm{R},$ $0\leq k<2^{s}$ .
(SCRI) $\Gamma_{0,k}(z)\Leftarrow z-h_{k},$ $0\leq\forall_{k}<2^{s}$ , $\Gamma_{j,k}(z)$ .
for $j=1$ to $s$ do $\Gamma_{j,k}(z)\Leftarrow\Gamma_{j-1,2k}(Z)\mathrm{p}_{j}-1.2k+1(Z)$ , $0\leq\forall_{k}<2^{s-j}$ .
(SCRI’) $\Delta_{0,k}\Leftarrow 1,0\leq\forall_{k}<2^{s}$ $\Delta_{1_{:}k}\Leftarrow 2$ $-$ $\Gamma_{1,k}^{*}.(z)$ mod $z^{2}=1+(h_{2k}+h_{2k+1})z$ ,
$0\leq\forall_{k}<2^{s-1}$ , \Delta .
for $j=2$ to $s$ do
$\triangle_{j,k}\Leftarrow$ $\Delta_{j,j,k^{-}j}^{(j-1)(}k(2-\triangle \mathrm{r}j1)*,k(z))$ mod $z^{2^{j}}$
$=$ $\Delta_{j,k}^{(j-1)}-\Delta_{j_{:^{k^{-1)}}}}^{(}j(z^{2^{j-1}}\delta_{j},k)\mathrm{m}\mathrm{o}\mathrm{d} z^{2^{j}},$ $0\leq\forall_{k<}2S-j$ ,
, $\triangle_{j,k^{-1}}(j)$ $\Leftarrow$ $\Delta j-1,2k\triangle_{j1}-1,2k+\mathrm{m}\mathrm{o}\mathrm{d} z^{2^{j}}-1$
$(z^{2^{j-1}}\delta_{j_{:^{k}}})$ $\Leftarrow$ $\triangle_{j,k^{-}}\mathrm{r}_{j}*,\mathrm{d}(j1)k\mathrm{m}\mathrm{o}z^{2^{j}}-1$ .
(SCR2) $\Phi_{s,0}\Leftarrow g$ ;
while $\deg\Phi_{s},0>2^{s+1}$ do
if $\deg\Phi_{s},0\geq 2^{s}$ then
$[\Phi_{s}q^{*}(,z)0\Leftarrow\Phi_{s_{\text{ }}}\Leftarrow\Phi_{s}^{*}\text{ }.\cdot 0-q0(Z)\triangle,0\mathrm{m}\mathrm{o}\mathrm{d}\mathrm{r}_{s}s_{:_{0;}}$
$z^{\mathrm{d}\Phi_{S}.-};\mathrm{e}\mathrm{g}02^{s}+1$
(SCR3) for $j=s-1$ downto $0$ do
$0\leq\forall_{k}<2^{s-j-1}$ $\kappa=2k,$ $2k+1$
$[\Phi_{j_{:}\kappa}q_{j\prime\kappa}^{*}.(_{Z)}$





( ) , ( ,
),
([12], [3], [13].’ [6]). , , DFT
. $\mathrm{R}$ , $P$
, $\mathrm{Z}_{P}$ , DDF $\mathrm{Z}_{p}[x]/(f)$ ( , $f$
$\mathrm{Z}_{P}$ $\deg f\gg 1$ ) 3). , , 2
, R , $g$
, $z$ $\mathrm{R}$- ( ) . ,
, ,
$p\gg 1$ .
3) - , Cantor Kaltofen [4] ,
, .
228
DFT ( $M(d)=o(d\log d)$ ) ( )
. , ,
,
. , DFT , $\mathrm{e}\mathrm{v}\mathrm{a}\mathrm{l}\mathrm{u}\mathrm{a}\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{n}\ \mathrm{i}\mathrm{n}\mathrm{t}\mathrm{e}\mathrm{r}\mathrm{p}_{0}1\mathrm{a}\mathrm{t}\mathrm{i}_{0\mathrm{n}}$




. , , .nlod $z^{i}$ ,
.
, . , ,
$\overline{w}$ , DFT ( ) $.\otimes$ .
$\mathrm{D}\mathrm{F}\mathrm{T}(P, a:b, n)$ : $P$ $a$ $\sim(b-1)$ , $n$
.
$\mathrm{D}\mathrm{F}\mathrm{T}^{-1}(V, a:b, n)$ $n$ $V$
$a$ $\sim(b-1)$ .
(1’) $\triangle_{j,k}$ . $\triangle_{j_{:}k}$ $\leq 2^{j}-1$ , (SCRI’)
( ) , $\mathit{2}^{j}$ $\Gamma_{j,k}^{*}$ , $\mathit{2}^{j}$ ,
$j$
$2^{j}$ . $\mathrm{m}\mathrm{o}\mathrm{d} z^{2^{j}}$ ,
, $0\sim(2^{j}-1)$
. , , $\mathrm{m}\mathrm{o}\mathrm{d} z^{2^{j}}\text{ }$
.
$\triangle_{j,k}\triangle-1)’\Gamma*=j,kj,k(j-1)^{l}(j\Leftarrow\triangle_{j-}11,\mathrm{m}2k\mathrm{o}\mathrm{d}_{Z}2j-1\text{ }\triangle_{j}-1.2k+\ovalbox{\tt\small REJECT} \text{ },$
$(z^{2^{j1}}\delta_{j_{:}}^{;})-k\Leftarrow\triangle_{j_{:^{k}}^{j-1}j,k}();\Gamma*-1$ ,
$\triangle_{j,k}^{J}\Leftarrow\triangle_{j,k^{-},k^{-}}(j1)’-\triangle j(j1)’(z^{2^{j-1}}\delta’j,k)$ , $\triangle^{J}\Gamma^{*}.=j,kj\text{ }k1+(z^{2^{j-1}}\delta_{j_{:^{k}}}^{J})2$
. , $\triangle_{j,k}=\triangle_{j}’,k\mathrm{n}\mathrm{u}\mathrm{o}\mathrm{d}z^{2^{j}}$ .
, $\triangle_{j,k}(j-1)^{l}$ $\leq \mathit{2}^{j}-2$ , , $(Z^{2^{j-1}}\delta’j,k)$ , $\mathit{2}^{j-1}$
, $\leq(2^{j+1}-2)$ . ,
, $2^{j-1}$ , $\leq(2^{j+1}+2^{j}-4)$ . , $2^{j+2}(\geq$
$2^{j+1}+\mathit{2}^{j-1}-3=$ ) ,
. , $2^{j-1}\sim(\mathit{2}^{j}-1)$
. , $\deg\triangle_{j:k}\leq 2^{j}-1$ , $2^{j+2}$
DFT( ) 3 ( $\triangle_{j-1,\kappa}$. $\triangle_{j,k}$
). - , (SCRI’) , $\triangle$ $\delta$ $2^{j}$ ( )
7 , $n$ DFT $O$ ( $n$ log2 $n$ ) ,
, DFT ,
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.$(1’ -1)$ $\overline{\triangle_{j-1.\kappa}}$ $\Leftarrow$ $\underline{\mathrm{D}\mathrm{F}\mathrm{T}(\Delta}_{j-1},\text{ }’ 0:2j-1,2j)$ for $\kappa=2k,$ $2k+1$
$(1’-2)$ $\overline{w}$ $\Leftarrow$ $\triangle_{j-1,2k}\otimes\overline{\Delta_{jk+1}-1.2}$
$(1’ -3)$ $x$ $\Leftarrow$ $\mathrm{D}\mathrm{F}\mathrm{T}^{-1}(\overline{w}, 0:2^{j-}1,2j)$ $(=\Delta_{j,k})(j-1)$
$(1’ -4)$ $\overline{x}$ $\Leftarrow$ $\mathrm{D}\mathrm{F}\mathrm{T}(x, 0:2^{j1}-,2^{j})$
$(1’ -5)$ $\overline{w}$ $\Leftarrow$ $\overline{x}\otimes\overline{\Gamma_{\dot{0}.k}^{*}}-\overline{1}$ $\overline{\Gamma^{*}\dot{.}k}$ T $2^{j}$ DFT
$(1’ -6)$ $w$ $\Leftarrow$ $\mathrm{D}\mathrm{F}\mathrm{T}^{-1}(\overline{w}, 2^{j-1} : 2^{j}, 2^{j})$ $(=z^{2^{g-1}}\delta j.k)$
$(1’ -7)$ $\overline{w}$ $\Leftarrow$ $\overline{x}\otimes \mathrm{D}\mathrm{F}\mathrm{T}(w, 2^{j-}1 : 2^{j}, 2^{j})$ $(=\Delta_{j,k}^{(j-}(z^{2}\delta j.k)1)j-1\text{ }$ DFT)
$(1’ -8)$ $w$ $\Leftarrow$ $\mathrm{D}\mathrm{F}\mathrm{T}^{-1}(\overline{w}, 2^{j-1} : 2^{j}, 2^{j})$
$(1’-9)$ $\triangle_{j.k}$ $\Leftarrow$ $x-w$
(2) (SCR2) , $g$ $2^{s}$ ( , $0$
), $g^{*}$ $2^{s}$ ,
, $g^{*}$
. $2^{s}n>\deg g\geq 2^{s}(n-1)$ , $g^{*}(Z)= \sum^{n}i=0\phi_{i}z^{2^{s_{i}}}$ , $\overline{\psi}$
$z^{2^{S}}$
$\phi_{i}$ $2^{s+1}$ DFT ($\overline{\psi}$ $(1,$ $-1,1,$ $-1,$ $\ldots)$ ). $i=0,1,$ $\ldots,$ $n-1$
$q^{*}$ $\Leftarrow$ $\mathrm{D}\mathrm{F}\mathrm{T}^{-1}(\overline{\phi_{i}}\otimes\overline{\Delta_{s_{:}}0},0:2s, 2S+1)$
$\overline{q^{*}}$ $\Leftarrow$ $\mathrm{D}\mathrm{F}\mathrm{T}(q^{*}, 0 : 2^{s}, 2^{s+1})$
$\overline{\phi_{i+1}}\Leftarrow\overline{\phi_{i+1}}+(\overline{\phi_{i}}--q^{*}\otimes\overline{\Gamma_{s}^{*},})0\otimes\overline{\psi}$
, , $\Phi_{s_{\text{ }}0}.=g\mathrm{m}\mathrm{o}\mathrm{d}$ \Gamma j, $(2^{s}-1)$
$\Phi_{s,0}^{*}(z)$ $2^{s+1}$ DFT . , , $q^{\overline{*}\text{ }}\overline{\Gamma^{*}S,0}$
$2^{s+1}$ . $()$ , $\phi_{i^{Z}}^{*2^{S}}$ $\Gamma_{s_{:}0}$
, $2^{s}$ . ,
.
$-q^{*}$ $\Leftarrow$ $\mathrm{D}\mathrm{F}\mathrm{T}(q^{*}, 0:2^{S}, 2S)$
$\phi_{i+1}$ $\Leftarrow$ $\phi_{i+1}+\mathrm{D}\mathrm{F}\mathrm{T}^{-1}(\mathrm{D}\mathrm{F}\mathrm{T}(\phi_{i}, 0:2s, 2^{s})-\overline{q^{*}}\otimes\overline{\Gamma_{s_{:}0}*},0:2S, 2^{s})$
.
(3) $(\mathrm{S}\mathrm{C}\mathrm{R}3)$ , – . , \Phi ,, qj, ,
$(2^{j}-1)$ , .
(3-1) $\Phi_{j+1,k}^{*}$ $\Rightarrow$ $\phi_{j+}^{(l)}1,k+z^{2^{j}}\phi_{j}^{(\rangle}h+1,k$ ,
(3-2) $\overline{w}$ $\Leftarrow$ $\mathrm{D}\mathrm{F}\mathrm{T}(\emptyset_{j+}^{\backslash }il0:2^{j}, 2^{j+1})1.k’$
(3-3) $q$ $\Leftarrow$ $\mathrm{D}\mathrm{F}\mathrm{T}^{-1}(\overline{w}\otimes\overline{\Delta_{j.\kappa^{\vee}}}, 0:2^{j}, 2^{j+1})$
$(3-4)$ $\overline{q}$ $\Leftarrow$ $\mathrm{D}\mathrm{F}\mathrm{T}(q, 0:2^{jj}, 2)$
(3-5) $\overline{w}$ $\Leftarrow$ $\overline{w}-\overline{q}\otimes\overline{\Gamma_{j,\kappa}^{*}}$ $\overline{w}$ 2j
(3-6) $\Phi_{j_{:}f_{\tilde{\vee}}}^{*}$ $\Leftarrow$ $\phi_{j1.k}^{(h)}++$ DFT$-1(\overline{w}, 0 : 2^{j}, 2^{j})$
, $2^{j+2}$ DFT ($\deg\Phi_{j+1k:}^{*}<2^{j+1}$
), $\Phi_{j\text{ }k}^{*}$. , DFT
, $q^{*}$ ( ) , .




$\mathrm{R}$ , . , $\mathrm{R}$ $\mathrm{Z}_{p}[x]/(f)$ ,
DFT , $\otimes$ $\mathrm{m}\mathrm{o}\mathrm{d} f$ . ,
DFT . , $\mathrm{Z}_{P}$ $P$ ,
. , Shoup [13] ,
$P$ , ,
– .
, $\otimes$ , , (
nlod $p$ ) . , , $2^{t}$ $(p-1)$
, $t>s$ ( , 1 $2^{s+1}$ ) ,
, 28 2t-l , ,
. .
5.
(SCRI), (SCRI’) (SCR3) $\Gamma_{j_{:}k}$ , $\triangle_{j,k},$ $\Phi_{j_{:}k}$ , ,
$j$ 2s-j node . 2 , $\Gamma_{j,k}$
$j=0$ $j=1$ $j=2$ $j=s$








, (2 ) ( )
( , . bottom-up ). $\triangle_{j,k}$
. - , $\Phi_{j,k}$ , ,
(top-down ). , $j$
, $j$ , $0\leq\forall_{k<2^{S}}-j-1$
$\text{ _{ } },$








( ) $M(n)$ $\mathrm{R}$- , , $n$ $\mathrm{R}$ .
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$\bullet$ bottom-up : (SCRI) (SCRI’) .
$\dot{\mathrm{J}}^{k^{\text{ }}}$, 2s-j , .
$j+1.k^{\text{ } }$ ( ) :2k
, ( ,,2k+l ) .
, latency . , (SCRI) (SCR2)
, $\Gamma_{j+1_{:^{k}}}$ $\triangle_{j+1,k}$ ( – )
, , . latency (latency hiding) .
$\bullet$ top-down : $(\mathrm{S}\mathrm{C}\mathrm{R}3)$
, $\Phi_{j+1.k\ovalbox{\tt\small REJECT}}arrow\Phi_{j_{:}\text{ }},$ $\kappa=\mathit{2}k,$ $2k+1$ 2 , -
$(\kappa=\mathit{2}k)$ – , – $(\kappa=2k+1)$ , $(\Phi_{j+1,k}\text{ })$
, ( $\Gamma_{j,\kappa}$ \Delta ,.\acute ) . , $\Phi_{0_{:}k}$
, $k$ 2 1 ,
$j(j=s, \ldots, 1)$ $2^{j}$ $\mathrm{R}$ .
idle ,
latency . , –
, $\Phi_{s.0}$ broadcast ,
.
(SCR2) $\Phi_{s_{:}0}(z)=g(z)$ nlod $\Gamma s_{:}0(Z)$ , \S 3.1. ,
von zur Gathen Shoup [7, Lemma 2.1] .
, $g(z)$ ,
. , $(z^{2^{s}})^{i},$ $0\leq i\leq t$
. , $\log_{2}(t+1)$ ,
$O((t+1)/2)$ . $O(M(2S))$ $\mathrm{R}$- . , $2^{s}$
, , ..
, 2P
, , . ,
, ,
. Horner ,
. , $P\geq s$ , (SCRI),
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